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We present the first estimate of the gluon-gluon fusion process, gg → 4f, in the high energy
domain as a probe of the electroweak symmetry breaking mechanism (EWSB). We consider the
exact matrix element at O(αsα
2
em), and we include all irreducible background coming from qq¯ → 4f.
Purely leptonic final states, pp → lν¯lνl′ l¯′, are numerically investigated. We find that this channel is
extremely sensitive to the regime of the interaction between gauge bosons. It can thus be associated
to the traditionally used vector boson scattering (VBS) to improve the analysis of the EWSB physics.
PACS numbers: 12.15.Ji, 14.70.Fm
The discovery of the EWSB physics will be the pri-
mary goal of the LHC. This Letter deals with the study
of a new process, which could largely improve the LHC
potential in this search. We consider the production of
WW-pairs via gluon-gluon fusion, gg → WW → 4f.
Usually analysed for the Higgs boson discovery, i.e. in
the low-intermediate energy range where the Higgs reso-
nance is expected to appear, this channel is here found
to have a strong potential also at high energies. Our aim
is to present the properties of the gluon-induced weak-
boson pair production at the TeV scale, and to analyse
their consequences on the phenomenology of the inter-
action between the produced gauge-bosons. The main
motivation for such a study relies on the strict correla-
tion between the regime of the gauge interaction and the
mechanism which triggers the EWSB[1].
Many theories describe different EWSB scenarios.
Most of them (Standard Model (SM), SUSY, etc.) pre-
dict the existence of at least one light Higgs. This hypote-
sis implies that the dynamics responsible of the sponta-
neous symmetry breaking is weakly-coupled. Such a pic-
ture is in good agreement with the LEP1 electroweak pre-
cision measurements. However, the Higgs is still missing.
In addition, new theoretical developments have opened
up the possibility to build new models of electroweak
symmetry breaking (a recent review is given in Ref. [2]).
They mainly fall into two classes. In the first case, the
Higgs is still predicted but it is not an elementary par-
ticle. It is included as an effective field arising from a
new dynamics which becomes strong at some energy scale
(an example are the Little Higgs models). In the latter,
the Higgs sector might even be completely replaced with
strongly interacting dynamics. Interesting realizations of
this scenario can arise in extra-dimensions theories.
Hence, in order to understand the nature of the new
physics which will be discovered in the next future, a
crucial issue to be settled is whether the EWSB dynam-
ics is weakly or strongly coupled. A way of answering
this question preserving a model independent approach
is thus looking at processes involving at least one massive
gauge-boson pair. Ideally, the vector boson scattering,
VV → VV (V = W,Z), is the most sensitive process to
the EWSB mechanism [1]. However, it is embedded in
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FIG. 1: Sample LO diagram for the gg → 4f process.
the more complex channel q1q2 → q3q4VV→ q3q4 + 4f.
Its sensitivity is thus depleted by limited number of
events and huge backgrounds. For a recent and detailed
status of VBS perspectives at the LHC see for instance
Ref. [3] and references therein. The gluon-induced pro-
cess can bring a powerful help in this challenge.
Let us begin with recalling that the leading-order (LO)
contribution to the gluon-induced weak-boson pair pro-
duction originates from one-loop diagrams in the SM. An
example is shown in Fig. 1 [12]. The corresponding am-
plitudes were first evaluated in the on-shell vector-boson
approximation, gg→ VV [4, 5]. Successive computations
took into account the spin correlations between gauge-
boson production and decay, by considering the process
gg → VV → 4f in narrow width approximation [6]. Re-
cently, the first full calculation of the loop-induced W-
boson pair production and decay, gg → 4leptons, was
implemented in the code gg2WW and published [7]. It
takes into account vector-boson off-shell effects, full spin
and decay angle correlations, and the loop contribution
coming from the massive third generation quarks.
Starting from this result, we have been able for the first
time to perform a complete and realistic analysis of the
gg→ 4leptons process at high energies. Up to now, this
channel has been considered only for Higgs boson discov-
ery. Its behaviour has been thus analysed for kinematical
configurations appropriate for the Higgs search, and at
energy scales around the expected Higgs resonance. The
new fit to the electroweak precision data has recently
lowered the 95%C.L. bound on the Higgs mass down to
about 144 GeV. If one takes this result as a reasonable
indication, the scanned energy domain is quite narrow.
The purpose of this Letter is to extend the analysis
at the TeV scale, and show that the gluon-fusion chan-
nel constitutes a powerful probe into the EWSB physics,
2independently on the Higgs existence and discovery. Fol-
lowing a model-independent approach, we focus on the
interaction between the produced weak-bosons. This in-
teraction can be modified by the presence of new EWSB
physics, which might appear at energy scales probed at
the LHC or even larger. Having as a target the study
of the sensitivity of the considered channel to possible
new physics, we parametrize such a scenario by choosing
the minimal realization, i.e. the Standard Model with no
Higgs. And, we compare the outcoming results with the
predictions of the SM with a light Higgs.
Our aim is to perform a complete and realistic anal-
ysis of the weak-boson pair production at the LHC, via
the pp → 4leptons process (see e.g. Ref. [8] for a re-
view on its present status). In addition to the gluon-
induced signal, we have to consider the background com-
ing from quark-induced contributions to the same final
state, qq¯→ 4leptons. This background is overwhelming,
but it can be heavily suppressed as shown later.
Before starting our analysis, let us summarize the nu-
merical setup. In computing partonic cross-sections, for
the SM free parameters we use the input values [9]:
MW = 80.403GeV, MZ = 91.1876GeV,
mt = 174.2GeV, mb = 4.4GeV,
Gµ = 1.16639× 10−5GeV−2.
(1)
The weak mixing angle is fixed by s2
W
= 1 −M2W/M2Z.
We adopt the Gµ-scheme, which effectively includes
higher-order contributions associated with the running
of the electromagnetic coupling and the leading univer-
sal two-loop mt-dependent corrections. To this end we
parametrize the LO matrix element in terms of the ef-
fective coupling αGµ =
√
2GµM
2
Ws
2
W
/pi. We moreover
use the fixed-width scheme with ΓZ = 2.44506GeV and
ΓW = 2.04685GeV. As to parton distributions (PDF),
we have chosen CTEQ6M [10] at the factorization scale
Q =MW. We consider purely leptonic final states:
pp→ νll+l′−ν¯l′ l, l′ = e, µ. (2)
The signature is thus characterized by two isolated
charged leptons plus missing energy. This channel in-
cludes the WW production as intermediate state. In the
parton model, the corresponding cross sections are de-
scribed by the following convolution
dσpp(P1, P2, pf ) =
∫ 1
0
dx1dx2
∑
q=g,u,d,c,s
[
Φq¯,p(x1, Q
2)
× Φq,p(x2, Q2) dσˆq¯q(x1P1, x2P2, pf ) + Φq¯,p(x2, Q2)
× Φq,p(x1, Q2)× dσˆq¯q(x2P2, x1P1, pf)
]
(3)
where pf summarizes the final-state momenta, Φi,hi is
the PDF of parton i in the incoming proton hi with mo-
menta Pi, and σˆ
ij represent the partonic, colour and spin
avaraged, cross sections. The σˆij are calculated at LO,
Mcutll′ σBox(g1,2,3)/σBox(g1,2) σH,Box(g3)/[σH + σBox(g3)]
0 GeV 1.16 0.57
500 GeV 5.35 0.09
TABLE I: Relative size of individual contributions to the pro-
cess pp → νee
+µ−ν¯µ as a function of the cut on the invariant
mass of the charged lepton pair. Table entries are explained
in the text. Standard cuts are applied.
using the matrix elements for the complete processes
g(p1) + g(p2)→ f3(p3) + f4(p4) + f5(p5) + f6(p6)
q¯1(p1) + q2(p2)→ f3(p3) + f4(p4) + f5(p5) + f6(p6)
(4)
where the arguments label the momenta pi of the exter-
nal gluons and fermions. This means that we include
the full set of Feynman diagrams, in this way accounting
for the resonant di-boson production as well as the ir-
reducible background coming from non-doubly resonant
contributions. Complete four-fermion phase spaces and
exact kinematics are employed in our calculation.
For the experimental identification of the final state
particles, we have implemented a general set of cuts ap-
propriate for the LHC, and defined as follows:
• lepton transverse momentum PT(l±) > 20GeV,
• missing transverse momentum PmissT > 25GeV,
• charged lepton rapidity |yl| < 2, where yl =
− log (tan(θl/2)), and θl is the polar angle of parti-
cle l (massless) with respect to the beam.
These are standard cuts, dedicated ones will be described
at due time.
We begin our analysis by comparing the properties of
the gluon-induced process in the low and high energy
regime. An important difference is in the behavior of
the top-bottom massive quark loop. At low energy, the
contribution of the third quark generation to the box
diagram is neglegible compared to the contribution of
the first two generations. This behaviour changes dras-
tically at high energies. The amplitude of the massive
quark box grows with increasing energy, and becomes
dominant. Moreover, it interferes strongly and destruc-
tively with the Higgs diagram. This is shown in Tab. I
as a function of the cut on the invariant mass of the two
charged leptons, M cutll′ . The second column presents the
ratio between the full box cross section and the contribu-
tion of the first two generations. Whereas at low energies
the top-bottom quark loop constitutes only the 16% of
the total box cross-section, already for Mll′ > 500GeV
(which means Ecm ≃ 1TeV) it gets dominant by a fac-
tor 5 over the light quark generations. The third column
shows instead the interference between the box graph
mediated by the third generation quarks and the Higgs
diagram. With increasing energy, the interference gets
heavily negative and gives rise to a cancellation between
the two amplitudes of about a factor 10.
3Setup σ(qq¯) ( fb) σ(gg) ( fb) σ(qq¯)/σ(gg)
no cuts 555.4 58.6 9.5
Standard cuts 128.2 24.1 5.3
Dedicated cuts 5.2 3.0 1.7
TABLE II: From left to right, SM qq¯-background, gg-signal
in the no-Higgs scenario, and their ratio for the process pp →
νee
+µ−ν¯µ and different sets of cuts, as described in the text.
An analogous feature is displayed by the loop-induced
Z-boson pair production as discussed in Ref.[4]. This
peculiar behaviour finds an explanation in the analiti-
cal expression of the matrix element. Both the Higgs
and the massive quark box amplitudes squared exhibit
indeed a logarithmic dependence on the center-of-mass
energy of the gg → 4f process. Such an energy depen-
dence can be interpreted as a relic of the much stronger
energy dependence of the individual contributions to the
on-shell process t¯t→W+W− → 4f, obtained by cutting
on the internal lines of the loops appearing in the graphs
of Fig. 1 and related ones. The amplitude squared of
the on-shell top-induced WW-pair production grows like
s = E2cm in absence of the Higgs. The same energy de-
pendence is shared by the additional Higgs contribution.
Gauge and Higgs amplitudes interfere destructively in
order to preserve the perturbative unitarity of the the-
ory. This feature is not washed out by the convolution of
the top-induced subprocess with the gluon-induced quark
loop. A di-logarithmic energy dependence of the individ-
ual graphs indeed survives, as mentioned above.
We exploit this behaviour in order to quantify the
sensitivity of the gluon-induced channel to possible new
EWSB physics. We consider two benchmark scenarios:
the SM with a light Higgs (MH = 120GeV) and the
SM with no Higgs (noH). For a realistic assessment of
the potential of the considered process, one has to take
into account the full background coming from the process
qq¯→ 4leptons and giving rise to the same final state. At
first glance, this large contribution seems to bury away
any possible new-physics signal. In absence of any cut, its
cross section is a factor 10 bigger than the gluon-induced
one. As shown in Tab. II, standard cuts help in reducing
it down to a factor 5. But, still the discovery poten-
tial of the gluon-induced channel is largely spoiled. The
only way to keep under control the large qq¯-background
is to exploit the pronounced differences shown in many
variable distributions by this process compared to the
loop-induced signal.
The most important kinematical difference is in the
rapidity distribution of the final state leptons. The qq¯-
background tends to be produced at a larger rapidity,
because of the harder distribution of the valence quarks.
The second most important one lies in the spin state of
the intermediate W-pair system. The signal we are in-
terested in can be traced back to the production of lon-
gitudinal W-bosons, for it is this rate to be enhanced by
possible new EWSB physics. Such a signal is expected to
increase for high CM energies and large scattering angles
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FIG. 2: a) Distribution in the maximal transverse momen-
tum of the charged leptons. b) Distribution in the rapidity
of the negatively charged lepton. We consider the process
pp → νee
+µ−ν¯µ. From top to bottom, the three curves rep-
resent SM qq¯-background, gg-signal with no Higgs, and gg-
process in the SM (MH = 120GeV). The inset plot gives
the difference in percent between SM and noH scenarios for
the gluon-induced (upper curve) and the full process (lower
curve). Dedicated cuts are applied.
of the produced W’s. In order to recover the lost sensitiv-
ity, we thus impose the following kinematical constraints:
• missing transverse momentum PmissT > 80GeV,
• lepton azimutal angle difference ∆φ(l+l′−) > 60o,
• charged lepton rapidity difference ∆y(ll′) < 2,
where ∆y(ll′) = |yl − yl′ |
• charged lepton opening-angle cosθ(ll′) > −0.98.
With this choice, we refer to as dedicated cuts, the qq¯-
background becomes of the same order of magnitude as
the gg-signal, as shown in the last row of Tab. II, partially
recovering the lost sensitivity. The imposed cuts also
select large energies (Ecm ≥ 300GeV) and angles, as of
interest.
With these results at hand, we are ready to present
the first estimate of the full pp → 4leptons process at
high energy scales. We call it estimate, because we do
4M cutll′ [GeV]
[σnoH(gg)−σSM(gg)]
√
L√
σSM(gg+qq¯′)
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FIG. 3: Signal over background ratio, for the process pp →
νll
+l′−ν¯l′ . We sum over e and µ, and consider two luminosity
values: L = 10 fb−1 (lower curve) and L = 100 fb−1 (upper
curve). Dedicated cuts are applied.
Mcutll′ (GeV) NnoH(gg) NSM(gg) NSM(qq¯)
0 751 572 1323
250 147 77 307
500 25 9 64
TABLE III: We consider the process pp → νee
+µ−ν¯µ. From
left to right, number of events for gg-process with no Higgs,
SM gg-process (MH = 120GeV), and SM qq¯-background for
L = 100 fb−1. Dedicated cuts are applied.
not include NLO QCD corrections available for the qq¯-
background (see for instance Ref. [11]), but still missing
for the gluon-induced signal. We show results for the
LHC at Ecm = 14TeV. In Fig. 2, we plot two sample
distributions in energy and angle, comparing the gluon-
induced signal in the no-Higgs scenario (noH) with the
SM prediction given by the qq¯-background plus the gg-
process with a light Higgs (MH = 120GeV). The inset
plots show that the difference between the two bench-
mark scenarios is enhanced at high energies and large
angles of the outgoing charged leptons. Such a difference
would be extremely pronounced if we considered only the
gluon-fusion contribution, δ = σnoH(gg)/σSM(gg)−1 (up-
per curves). The qq¯-background reduces it, still preserv-
ing a difference, δ = σnoH(gg)/σSM(gg + qq¯) − 1, up to
20% (lower curves).
In order to assess the sensitivity of the considered chan-
nel to possible new physics, one has to estimate the statis-
tical significance of such effects. We naively derive it from
their comparison with the statistical error expected at the
LHC. In Fig. 3, we plot the signal over background ratio
as a function of M cutll′ . We consider the two envisaged
values of the luminosity, L = 10 fb−1 and L = 100 fb−1,
corresponding to the low- and high-luminosity run. The
three horizontal lines are the 2, 3 and 5 standard devia-
tion reference values. Fig. 3 shows that at high luminos-
ity, one can reach 2σ-effects and more over almost the
entire energy range. Even in the low-luminosity run, one
could explore sensitivity up to scales of the order of 500
GeV. The number of estimated events at high-luminosity
is given in Tab. III as a function of M cutll′ .
To conclude, we have provided the first complete study
of the pp → νll+l′−ν¯l′ process at O(α2sα4em) in the high
energy domain. This channel is found to have strong
potential for probing the nature of EWSB physics at the
LHC. A final statement should include detector response
and systematics; this goes beyond our purpose.
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